Summary
Background: Cytokines are and may be used as therapeutic targets in cancer therapy. In breast cancer, interleukin (IL)-6 is associated with different features of tumor biology like metastasis, certain stages, and decreased survival. It is now an established fact that signaling via the soluble IL-6 receptor (sIL-6R) ('transsignaling') is an important process in the IL-6 machinery. Methods and Results: In this mini-review, we discover that published knowledge about sIL-6R serum levels in breast cancer patients is sparse and, furthermore, most in vitro data merely show that tumor cells produce the sIL-6R endogenously. Conclusions: Therefore, a lot of research is still necessary to analyze the significance of the sIL-6R and therefore the transsignaling process in breast tumors. More knowledge about the sIL-6R in breast cancer would give insights into its putative role as blood marker of active tumor disease. Secondly, the sIL-6R may be useful in breast cancer as a new therapeutic pathway. If, as suggested by the literature, IL-6 mediates the aggressiveness and the growth of breast tumors, elevated circulating levels of IL-6 and its receptor may identify patients for whom the IL-6 complex is a therapeutic target.
General Remarks on Breast Cancer
Worldwide, breast cancer is one of the most frequent and deadly cancers. Although the survival of patients has increased over the last decades in relation with screening programs and post-operative adjuvant systemic therapies, many patients die from metastatic relapse. Therefore, breast cancer is still a challenge for clinicians and researchers. In the last years, a lot of research was done to identify prognostic markers. One example is the immunologically important cytokine interleukin (IL)-6 and the corresponding IL-6 signaling system. the sIL-6R functions as a carrier protein for its ligand, thereby markedly prolonging the plasma half-life of IL-6, indicating that IL-6 signaling is increased by the sIL-6R. The significance of the sIL-6R is further underlined by a study done by Vermes et al. [20] analyzing human osteoblasts. They found osteoblasts to express cell surface IL-6R, but the membrane-bound IL-6R was unable to transmit IL-6-induced signals (tyrosine phosphorylation of gp130 is an essential step in the IL-6-induced signaling mechanism) until it is shed in its soluble form, the sIL-6R. The results of Modur et al. [21] show that, for the IL-6 signaling process, the limiting factor is the sIL-6R, not the cytokine IL-6. Endothelial cell activation depended on the concentration of the sIL-6R. The study of Becker et al. [13] using a colon tumor mouse model shows that IL-6 signal transduction was mediated by the soluble rather than the membrane-bound IL-6R, indicating that tumor growth is controlled by IL-6 transsignaling via the soluble form of the IL-6R.
Taking into consideration that IL-6 is an important factor in cancer biology and may be used as a novel prognostic factor at least in breast cancer, one can speculate that the soluble receptor, and therefore the signaling process, may also have important tumor-promoting capacities.
Serum Levels of sIL-6R in Cancer
Many publications deal with the elevated IL-6 serum levels in different cancer types. In regard to the soluble IL-6R, there is considerably less information about the significance of serum IL-6R levels in cancer patients, especially in breast cancer.
Serum Levels of sIL-6R in Different Cancer Types
Regarding the literature, elevated and non-elevated sIL-6R values in cancer patients are published. Andrews et al. [22] , analyzing patients with carcinomas of the bladder, found high
Significance of Serum IL-6 in Breast Cancer Patients
A role for IL-6 in neoplastic disease is suggested by the observation that circulating levels of the cytokine increase markedly during development and progression of breast and other tumors. Reviewing the literature, we recently were able to show that the published data are surprisingly unique, indicating high serum IL-6 levels to be a negative prognostic factor in breast cancer patients [1] .
Prerequisite for IL-6 Signaling IL-6 has a dedicated receptor that can be found either on the cell membrane or in a solubilized form [2, 3] . The receptor binds IL-6 in the circulation system as well as on the cellular membrane. Genes encoding the IL-6 receptor (IL-6R) were located on chromosomes 1 and 9 [4] . Later, it was shown that the gene located on chromosome 9 was a pseudogene, and Kluck et al. [5] demonstrated that the gene on chromosome 1p21 corresponded to the active gene.
The receptor complex binds to the gp130 transmembrane receptor [2, 6] . Subsequently Jak2 is activated, which in turn activates multiple pathways, with the STAT3 pathway being described in most detail [6] . STAT factors (STAT = signal transducer and activator of transcription) participate in the transcriptional regulation of genes comprising STAT-specific binding sites. gp130 is expressed by all cells in the body, whereas the IL-6R is mainly expressed by hepatocytes, neutrophils, monocytes/macrophages, and some lymphocytes. In addition to the cellular gp130, a second soluble form of gp130 (sgp130) exist, which is described as an antagonist to IL-6 [7] .
The soluble IL-6R (sIL-6R) together with IL-6 stimulates cells that only express gp130 [8] [9] [10] , a process named transsignaling ( fig. 1 ). This process implicates that cells that were originally unresponsive to IL-6 (because of the lack of membrane-bound IL-6R) become now responsive via the soluble sIL-6R/IL-6 complex. Embryonic stem cells [11] , early hemato poietic progenitor cells [12] , T cells [13] , many neural cells [14] , smooth muscle cells [15] , and endothelial cells [16] are responsive to IL-6 only in the presence of sIL-6R.
Significance of Transsignaling via sIL-6R
It has only been within the last few years that the full impact of IL-6 transsignaling has begun to be appreciated. The importance of the sIL-6R is underlined by the fact that about 70% of the secreted IL-6 forms a complex with the sIL-6R in the blood and binds directly to membrane gp130 [17] . The other 30% has only a transient existence in the blood, or binds to the membrane-bound receptor (mIL-6R) [17, 18] . The study of Peters et al. [19] clearly shows in transgenic mice that nostic value of the sIL-6R. A third study done by Jablonska et al. [34] revealed statistically significant higher serum sIL-6R levels in stage III/IV breast cancer patients (n = 11; 77.7 ± 35.3 ng/ml) compared to controls (n = 12; 41.2 ± 21.75 ng/ml). The authors concluded that changes in serum values, dependent on clinical progression, could have a diagnostic and prognostic role in cancer disease. Another study done by Kovacs [35] , analyzing 76 different cancer patients (breast, gastrointestinal, uterine, ovarian, renal, bladder cancer), found the values of the sIL-6R to be significantly elevated in stage I and II patients, with a 'borderline' significance in stage III and IV (p = 0.06). One should take into consideration that the authors did not discriminate between the tumor types.
To get more precise information about the role of the sIL-6R in breast tumor patients, a greater number of sera of breast tumor patients has to be screened to confirm the significance of the sIL-6R with regard to prognosis/progression and to make a further clinical contribution to the importance of the IL-6 system in breast cancer.
Significance of sIL-6R in Breast Cancer: In Vitro Results
Knowledge about the clinical data on the sIL-6R in breast tumor patients is sparse. Concerning laboratory investigations, the situation seems to be similar. The study of Singh et al. [36] shows that breast carcinoma cell lines (MCF-7, T47D, BT20) produce the sIL-6R, but not the cell line MDA-MB-231. Addition of 10 ng/ml IL-6 to MCF-7 cells resulted in an increase in sIL-6R release by 58%. Furthermore, sIL-6R was also present in conditioned medium collected from fibroblasts derived from malignant breast tissue, but not from benign or normal breast tissue-derived fibroblasts. Additionally, the concentrations of sIL-6R were higher in cytosol prepared from malignant breast tissue than in cytosol prepared from normal breast tissue. Oh et al. [37] also showed T47D cells to produce sIL-6R as a splice variant and to secrete soluble IL-6R protein. Recently, our group was also able to show three breast tumor cell lines to endogenously produce sIL-6R (MCF-7, HCC-1143, BT-474) (results submitted for publication).
14 years ago, Novick et al. [38] showed the importance of the sIL-6R in regard to the effects of IL-6 on a breast carcinoma cell line (T47D). They analyzed a purified urinary protein binding IL-6 (IL-6-R-SUP) for its biological activity. They showed that the growth-inhibitory effect of IL-6 on breast carcinoma cells is enhanced by the addition of IL-6-R-SUP to these human cells, although they possess abundant IL-6Rs. With IL-6-R-SUP, complete growth inhibition by IL-6 could be achieved and the cells became more sensitive to low levels of IL-6. These effects were prevented by a monoclonal antibody against IL-6-R-SUP that blocks IL-6 binding to cells. levels of sIL-6R to be associated with pathological tumor grade. Similar results were found for patients with prostate cancer [23] . Perioperative sIL-6R levels were significantly associated with tumor volume and metastases to lymph nodes. In 46 untreated multiple myeloma (MM) patients, the sIL-6R levels were significantly elevated in comparison to controls and were significantly higher in stage III disease in comparison to stages I and II [24] . Similar results with MM patients were achieved by Stasi et al. [25] . Concerning patients with B cell chronic lympocytic leukaemia (B-CLL), the concentration of sIL-6R was significantly higher in untreated and treated patients when compared to healthy persons. Furthermore, there was no difference between the sIL-6R levels in patients with complete remission and the healthy controls [26] . The study of Soresi et al. [27] , analyzing hepatocellular carcinoma (HCC), showed similar sIL-6R values in all groups and increasing values in stage III HCC patients.
Nevertheless, there are also opposing results. The study of McKeown et al. [28] could not find an elevated plasma level of sIL-6R in non-small-cell lung cancer. In opposite to the study of Alexandrakis et al. [24] , Urbanska-Ryes et al. [29] found the serum concentrations of the sIL-6R to be measurable in all MM patients (n = 121) and all healthy controls (n = 28), but the difference between these groups was not significant. Similar results were obtained by Barber et al. [30] . Levels of serum sIL-6R were not significantly different between pancreatic cancer patients and healthy controls. The small patient (n = 13) and control numbers (n = 6) should, however, be taken into consideration. Analyzing 208 patients with renal cell carcinoma and 25 normal subjects, Alberti et al. [31] did not find any significant difference between the sIL-6R levels of these two populations.
Serum Levels of sIL-6R in Breast Cancer
The clinical data about the significance of the sIL-6R are scarce. There are three similar studies with only a few patients [32] [33] [34] . In a short study, Jablonska and Pietruska [32] , analyzing the serum levels of the sIL-6R in controls (n = 10) and breast cancer patients (n = 15), found a trend towards higher serum levels in the patient group (61.2 ± 10.2 vs. 41.2 ± 29.9 ng/ml), but the difference was not significant. In a second short study, Jablonska [33] analyzed the sIL-6R levels in the culture supernatants of polymorphonuclear (PMN) cells of the peripheral blood and in the serum obtained from breast cancer patients (n = 17) and compared them to the sIL-6R levels of the controls (n = 10, normal healthy women). The mean concentration of the sIL-6R in the culture supernatants of PMN cells from patients was decreased (0.251 ± 0.163) compared to the controls (0.396 ± 0.194 ng/ml), while the level of the sIL-6R in the sera of breast cancer patients was increased compared to the controls (46.1 ± 28.7 vs. 39.05 ± 19.8 ng/ml, respectively). One should take into consideration that there is no statement of the statistical significance of the difference. Furthermore, no statement was made concerning the prog- 
Summary
It is now an established fact that transsignaling is an important process in the IL-6 machinery, but knowledge on the sIL-6R in breast cancer patients is sparse and most in vitro data merely show that tumor cells produce the sIL-6R endogenously.
